INTRODUCTION {#sec1-1}
============

Cardiovascular disease is the major cause of mortality in the western world and accounts for up to a third of all deaths worldwide. Most of these deaths occurred in low- and middle-income countries. It is estimated to be the leading cause of death in developing countries by 2010. \[[@ref1]\] Aortic stiffness is predictive of adverse cardiovascular events, in a range of subpopulations and different disease types. Arterial stiffness can be determined by measuring the pulse wave velocity (PWV).\[[@ref2]\] Pulse wave travels faster in a stiffer vessel. Hence PWV has been widely used as a surrogate marker for arterial stiffness and vascular diseases. \[[@ref3]\] Association of higher cardiovascular risk with increased pulse wave velocity was demonstrated in 710 hypertensive subjects.\[[@ref4]\]

Cardiovascular complications are observed in both type 1 and type 2 diabetic patients. Diabetes increases the risk of vascular complications at least by twofold. Macrovascular disease (cerebrovascular, coronary artery and peripheral vascular disease) is the cause of death in 70% to 80% of diabetic patients.\[[@ref5][@ref6]\] Impairment in contractile function of the vascular smooth muscle cells is observed in rats treated with streptozotocin (STZ), which may be because of changes in vasoactive substances and vasomotor responsiveness.\[[@ref7]\] The mechanical properties of the arterial system in STZ-diabetic rats may be altered by changes in cellular physiology of the diabetic conducting arteries.\[[@ref8]\] Oxidative stress plays an important role in the development of vascular complications associated with diabetes.\[[@ref9]\] Antioxidants have been reported to have beneficial effects in cardiovascular diseases associated with overproduction of reactive oxygen species.

Polyphenolics, carotenoids, thiols, tocopherols and glucosinolates, commonly found in fruits, vegetables and grains, help to combat oxidative stress in the body and improve human health.\[[@ref10][@ref11]\] Consumption of fresh fruits and vegetables has been associated with reduced risk of cardiovascular diseases.\[[@ref12]\] However, the antioxidant activity and potential health benefits of some plant foods have not been evaluated systematically. The fruits of *Hylocereus undatus*, known as dragon fruit or red pitaya, are rich in antioxidant betacyanins.\[[@ref13]\] *H. undatus* is a climbing vine cactus, which is native to the tropical forest regions of Mexico and Central and South America.\[[@ref14]\]

Mayas traditionally used the leaves and flowers of *H. undatus* as a hypoglycemic, diuretic and cicatrizing agent. \[[@ref15]\] The rich antioxidants are known to prevent diabetes and cancer, neutralize toxic substances such as heavy metals and reduce cholesterol and high blood pressure.\[[@ref16]\] Perez *et al*.\[[@ref17]\] studied the wound-healing property, and Wu *et al*.\[[@ref18]\] reported the antioxidant and antiproliferative properties of *H.undatus*. The objective of the present study was to evaluate the in vivo antioxidant and vascular properties of aqueous extract of the fruit of *H. undatus* in streptozotocin-induced diabetes in rats.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of dragon fruit extract {#sec2-1}
-----------------------------------

Dragon fruits were purchased from the local market, and fresh fruit pulp was extracted with water at a ratio of 1:2 (1 kg of fresh dragon fruit pulp in 2 L of water) at ambient temperature for 1 hour. Liquid extract was filtered and concentrated by rotary evaporator. Concentrated liquid extract was then dried into powdered form.

Experimental animals {#sec2-2}
--------------------

Male Sprague-Dawley (SD) rats weighing 275 to 325 g were used for the study. Animals were obtained from Animal House, Universiti Sains Malaysia, Penang, Malaysia. Rats were acclimatized for 1 week before starting any experiment. Animals were housed in a room at 25°C temperature and 12:12-hour light-dark cycle with free access to rat chow (Gold Coin Sdn. Bhd.) and tap water *ad libitum*. All experimental procedures were approved by, and carried out as per the guidelines of, the Animal Ethics Committee, Universiti Sains Malaysia, Penang, Malaysia.

Preparation of animals {#sec2-3}
----------------------

Animals were randomly divided into four groups (*n* = 6), namely, control (I), diabetic (II), diabetic treated with DFE at a dose of 250 mg/kg (III) and 500 mg/kg (IV) body weight. A single intraperitoneal (*i.p.*) injection of STZ at a dose of 40 mg/kg (Nova Laboratories, Sdn. Bhd., Selangor, Malaysia) was used to induce diabetes. STZ was dissolved in freshly prepared 0.1 M citrate buffer (pH 4.5). Control rats received an equal volume of buffer by *i.p.* injection. Diabetes was confirmed after 3 days by measuring fasting (overnight) blood glucose levels with the use of glucose oxidase reagent strips (GlucoSure plus, Apex Biotechnology Corp., Hsinchu, Taiwan). Rats with a blood glucose level of ≥350 mg/ dL were selected for the study. After confirmation of diabetes, rats of groups III and IV were treated with DFE orally by gavage for 5 weeks. Groups I and II served as a normal and diabetic control, respectively, and did not receive any treatment.

Surgical procedure {#sec2-4}
------------------

In order to avoid possible involvement of the effects of acute administration, all procedures were conducted 48 hours after the end of treatment period. Overnight-fasted rats were anesthetized with an *i.p.* injection of sodium pentobarbitone (Nembutal^®^, CEVA, France) at a dose of 60 mg/kg. Tracheotomy (PE250, Portex, UK) was performed to facilitate respiration, and the left jugular vein was cannulated to enable the administration of anesthetic (10 mg/kg in normal saline) if necessary. For measurement of PWV, the right carotid artery was catheterized (PE50, Portex, UK), and the cannula was pushed up to the level of aortic arch. Similarly, another cannula (PE50, Portex, UK) was introduced into the abdominal aorta through the left iliac artery. For the measurement of mean arterial pressure (MAP), the cannulae were connected to a pressure transducer (P23 ID Gould, Statham Instrument, Nottingham, UK), which in turn was hooked up to a computerized data acquisition system (PowerLab, ADInstrumentation, Sydney, Australia).

Measurement of pulse wave elocity {#sec2-5}
---------------------------------

Pulse wave velocity was measured as described by Wang *et al*.\[[@ref2]\] Briefly, pulse pressure waves from the two pressure transducers were simultaneously recorded and displayed on a data acquisition system. Blood sample was collected at the end of the experiment and the animal euthanized with sodium pentobarbitone (200 mg/kg). Full length of aorta was exposed and the distance between the tips of the two cannulae was measured (L). The propagation time (t) for the blood pressure wave to move from the aortic arch to the abdominal aorta was measured manually by the time delay between the upstrokes (foot) of each pressure wave front using 'foot-to-foot' technique.\[[@ref2]\] Pulse wave velocity was calculated by dividing L by t and expressed in units of meters per second.

Mean arterial pressure (MAP), systolic arterial pressure (SAP), diastolic arterial pressure (DAP), and pulse pressure (PP) were determined from measurements made by the pressure transducer located in the aortic arch and were calculated by using Chart v5 software (PowerLab, ADInstrumentation, Sydney, Australia).

Lipid peroxidation and antioxidant enzymes activities {#sec2-6}
-----------------------------------------------------

The extent of lipid peroxidation was assessed by measuring the malondialdehyde (MDA) formation by using thiobarbituric acid reaction method.\[[@ref19]\] Malondialdehyde reacts with thiobarbituric acid in acidic medium to give a pink-colored pigment at 95°C. The absorbance of the colored product was read at 532 nm. Assay procedure was carried out according to the kit instructions (Nanjing Jiancheng Bioengineering Institute, China).

Superoxide dismutase (SOD) activity in plasma was determined by the method of Oyanagui *et al*.\[[@ref20]\] as per the kit instructions (Nanjing Jiancheng Bioengineering Institute, China). Briefly the test principle is as follows: superoxide anions are generated by xanthine and xanthine oxidase system. These superoxide anions oxidize hydroxylamine leading to formation of nitrite. This nitrite reacts with naphthalene diamine and sulfanilic acid to produce a colored product. SOD in the sample reduces superoxide anion concentration, thus lowering the colorimetric signal and absorbance, which is measured at 550 nm. One unit of SOD activity is defined as that amount of enzyme required to inhibit the reduction of SOD by 50% under the specified conditions. Total antioxidant capacity (TAC) in plasma was quantified by the method of Miller *et al*.\[[@ref21]\] (Cayman Chemical, AnnArbor, MI, USA). The principle is based on the inhibition of 2, 2'-Azino-di-\[3-ethylbenzthiazdine sulphonate\] radical (ABTS^R^) by antioxidants in the plasma. Radical cation ABTS^R+^ was generated by incubation of ABTS^R^ with a peroxidase (metmyoglobin) and H~2~O~2~. The amount of the ABTS^R+^ produced can be monitored by reading the absorbance at 750 nm. The capacity of the antioxidants in the sample to prevent ABTS^R^ oxidation is compared with that of Trolox and is quantified as millimolar Trolox equivalents.

Statistics {#sec2-7}
----------

All results were expressed as mean ± S.E.M. for the number of animals (*n*) indicated. Mean values were compared by one-way ANOVA followed by Bonferonni/Dunnett (all mean) *post hoc* test at a significance level of 5% (*P* \< 0.05). Statistical analysis was processed with SUPERANOVA (Abacus Inc., Barkeley, CA, USA).

RESULTS {#sec1-3}
=======

Body weight and blood glucose levels {#sec2-8}
------------------------------------

As indicated in [Table 1](#T1){ref-type="table"}, the final body weight of all the diabetic rats decreased significantly ( P \< 0.05) in comparison with their initial body weight. But the body weight of the normal control rats significantly increased (*P* \< 0.05) from the initial levels. After the end of the treatment period, fasting blood glucose levels in the DFE-treated groups were significantly (*P* \< 0.05) lower than the diabetic control group II. However, there was no significant (*P* \> 0.05) difference in blood glucose levels of groups III and IV.

Blood pressure and Pulse wave velocity {#sec2-9}
--------------------------------------

Systolic arterial pressure in diabetic control group was significantly higher (*P* \< 0.05) than the normal control group. On the other hand, SAP of DFE-treated diabetic rats had come back to that of normal control group. In contrast to SAP, there was no significant difference in the DAP between any of the groups \[[Table 1](#T1){ref-type="table"}\]. The MAP of the normal control group did not show any significant difference from other groups. However, the pulse pressure of the diabetic control group was significantly higher (*P* \< 0.05) than that of the normal control group. The PWV of group II (6.54 ± 0.12 m/s) was significantly greater (*P* \< 0.05) than that of group I (5.46 ± 0.09 m/s). Treatment with DFE significantly decreased (*P* \< 0.05) the PWV, but not to the normal control levels \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Blood glucose and blood pressure values

![](PR-2-31-g001)

![Pulse wave velocity of groups I (normal control), II (diabetic control), III (diabetic + DFE 250 mg/kg) and IV (diabetic + DFE 500 mg/kg) (*n* = 6). Values are expressed as mean ± S.E.M. Statistical analysis was done by one-way ANOVA Bonferonni/Dunnett post hoc test for all groups.](PR-2-31-g002){#F1}

Oxidative stress parameters {#sec2-10}
---------------------------

[Table 2](#T2){ref-type="table"} summarizes the results of total antioxidant activity in plasma, antioxidant enzymes activity (SOD) and levels of oxidative stress marker (MDA) in plasma. MDA levels increased significantly (*P* \< 0.05) in group II after the induction of diabetes. Extract treatment significantly decreased the MDA levels, but not to the normal basal values. The basal values of SOD and TAC decreased significantly (*P* \< 0.05) in diabetic rats of group II when compared with those of the normal control group. A dose-dependent increase in the values of SOD and TAC was observed in extract-treated groups (III and IV).

###### 

Oxidative stress parameters
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DISCUSSION {#sec1-4}
==========

Oxidative stress plays a major role in the pathogenesis of diabetes and diabetic complications and has been extensively studied for years. Elevated levels of blood glucose increase oxidative stress in diabetic patients and experimental animal models of diabetes. This leads to depletion of the antioxidative defense system and thus promotes free radical generation.\[[@ref22][@ref23]\] In the present study, DFE at a dose of 250 and 500 mg/kg body weight, decreased blood glucose levels significantly but not to normal levels in rats in whom diabetes was induced by STZ. Similar levels of blood glucose in groups III and IV at the end of the treatment period indicate that blood glucose-lowering effect of the extract was limited and could not be increased with dose.

There was no significant change in MAP between the groups; but at the same time, significant increase in pulse pressure and PWV was observed in diabetic rats at the end of 5 weeks in comparison with control rats. Earlier studies reported a reduced relaxation of the isolated aortic rings of diabetic rats in response to the vasodilators acetylcholine and sodium nitroprusside.\[[@ref24][@ref25]\] The reduced vasodilator response of diabetic vessels may be responsible for the increase in arterial stiffness, pulse pressure and isolated systolic pressure in the diabetic rats. This may be because of increased oxidative stress, as observed by an increase in lipid peroxidation coupled with decreased TAC and SOD activity. These changes were reversed with the treatment of DFE. This may be because of the antioxidants present in the extract. Even though blood glucose levels did not change with increase in the dose of extract, MDA levels decreased and TAC and SOD levels increased. This improvement in the oxidative status was accompanied by decrease in PWV, which implies that at higher dose the natural antioxidants present in the extract may be responsible for decreasing the arterial stiffness. Dragon fruit is a good source of several natural antioxidants like betalains, polyphenols and ascorbic acid. As reported in previous studies,\[[@ref26]\] bioavailability of vasorelaxant nitric oxide might be increased by the superoxide-scavenging activity of these antioxidants. Overall, the administration of DFE increased the oxidative defense and protected aorta from hyperglycemic damage in rats in whom diabetes was induced by STZ in this set of experiments.
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